Introduction: Postoperative pancreatic fistula (POPF) is a serious complication
Introduction
Gastric cancer is one of the most common malignancies. Although the prognosis of patients with gastric carcinoma has improved because of the availability of diagnostic techniques and better intraoperative and postoperative care, death from gastric cancer still ranks second among all cancer deaths worldwide (1).
Kitano et al. first applied laparoscopy-assisted distal gastrectomy (LADG) for the treatment of early gastric cancer in 1991 (2) . LADG has been shown to be associated with reduced intraoperative bleeding, less pain, and earlier recovery of bowel movements (3) (4) (5) . Because these benefits enable earlier recovery from the operation and allow patients to return to their regular activities, LADG is now widely used, especially in Japan. Furthermore, Japanese gastric cancer treatment guidelines recommend LADG as well as open distal gastrectomy for the treatment of clinical stage I gastric cancer (6) . Therefore, it is likely that the number of patients who undergo LADG will continue to rise.
Gastric surgery has been performed with lower morbidity and mortality rates in recent years because of advances in treatment techniques, surgical devices, and perioperative management (7) (8) (9) . However, postoperative pancreatic fistula (POPF) remains a serious complication after total gastrectomy (10) . In a Japanese major clinical trial (Japan Clinical Oncology Group Study 9501) that included 523 patients with advanced gastric cancer, POPF was the most frequent complication after gastrectomy (11) . The incidence of POPF after total gastrectomy reportedly ranges from 9% to 19% (10, 12, 13) , and the incidence of POPF after LADG is reportedly 4.3%-7.0% (14, 15) . Once POPF develops, it sometimes contributes to life-threatening complications such as intra-abdominal hemorrhage, abdominal abscesses, and secondary anastomotic leakage. Therefore, every effort should be made to avoid the development of POPF. The purpose of this study was to identify risk factors for POPF after LADG.
Materials and Methods

Patients
This study enrolled 197 consecutive patients who were pathologically diagnosed with gastric adenocarcinoma and underwent LADG at Tottori University Hospital between January 2010 and December 2014. Patient characteristics are shown in Table 1 . There were 144 men and 53 women, with a mean age of 68.2 ± 12.0 years. Preoperative staging was performed by endoscopy, endoscopic ultrasonography, upper gastrointestinal X-ray, and CT.
Definition of POPF
The level of amylase in both blood and fluid obtained from the abdominal drain were determined on postoperative day (POD) 3. According to the International Study Group on Pancreatic Fistula, the all-inclusive definition of POPF is the drain output of any measurable volume of fluid on or after POD 3 with a drain amylase (d-AMY) level of more than three times the serum amylase level (16) . Moreover, we also employed other criteria for diagnosing POPF: (i) clinically obvious pancreatic leakage requiring continuous drainage for ≥10 days; or (ii) a spiking fever (>38°C) with a peripancreatic abscess demonstrated by CT. POPF grading was performed according to the Clavien-Dindo classification (17) .
The Clavien-Dindo classification was assessed as follows based on the level of amylase in blood and fluid obtained from the abdominal drain on POD 3; if the d-AMY level was more than three times the serum amylase level, POPF was defined as grade I; the need for antibiotics was defined as grade II; the insertion or replacement of drain under general anesthesia or local anesthesia was defined as grade III; and short stay in the intensive care unit was defined as grade IV. The level of amylase in both blood and fluid obtained from the abdominal drain on POD 1 and POD 3 was tested in almost all patients, and when the d-AMY level was more than three times the serum amylase level, we diagnosed the patient as having POPF. Even if the d-AMY level was low, we looked for clinical symptoms of POPF. If POPF was suspected, we performed additional examinations such as CT.
Statistical analysis
The Mann-Whitney U-test and χ 2 test were employed to evaluate differences in continuous and categorical variables, respectively. Diagnostic accuracy was determined by the area under the receiver-operating characteristic curve (AUC) (18) (19) (20) and AUC>0.8 was considered to indicate high diagnostic accuracy (21) . AUC were computed using the non-parametric trapezoidal method, and their 95% confidence intervals were obtained using the approach described by DeLong et al. (22) . The optimal cut-off values were determined by maximizing Youden's index (sensitivity + specificity À 1). GraphPad Prism software version 6.0 (GraphPad Software Inc., La Jolla, USA) and StatView software version 5.0 (SAS Institute Inc., Cary, USA) were used for all statistical analyses, with P < 0.05 considered statistically significant.
Results
Correlation of POPF with preoperative clinicopathologic characteristics and operation-related factors
Grade III or higher postoperative infectious complications (according to the Clavien-Dindo classification) were observed in 25 patients (12.7%), and a grade III or higher POPF was observed in 9 patients (5.6%). Grade I POPF was observed in 19 patients, and grade II POPF was observed in three patients. There was no grade IV POPF or mortality in the current study. Table 1 shows the correlations between the occurrence of POPF and various clinicopathologic characteristics. Although POPF was observed more frequently in men than in women, the difference was not statistically significant (P = 0.45). The BMI of patients with POPF was higher than that of patients without POPF, but the difference was not statistically significant (P = 0.43). Furthermore, there was no statistically significant difference between the occurrence of POPF and other clinicopathologic factors such as age, tumor size, disease stage, and preoperative serum albumin level. Finally, no significant difference was observed between the occurrence of POPF and operationrelated factors, including the operative procedure, lymph node dissection, operation time, and bleeding volume ( Table 1) .
POPF and postoperative laboratory data
We determined the white blood cell and neutrophil counts and the serum level of C-reactive protein (CRP) on POD 1 and POD 3, and found that only the serum level of CRP on POD 3 was related to POPF (Table 2 ). Because POPF involves the leakage of pancreatic juice from the pancreas, we measured the d-AMY level on POD 1 and POD 3. However, there was no statistically significant difference in its level between patients with and without POPF. Furthermore, there was no statistically significant difference in the preoperative serum albumin level between patients with and without POPF. The drain amount on POD 1 was not significantly different in POPF patients (155 ± 90 mL) and non-POPF patients (152 ± 134 mL) (P = 0.93), and the drain amount on POD 3 was not significantly different in POPF patients (92 ± 91 mL) and non-POPF patients (72 ± 28 mL) (P = 0.18).
The diagnostic accuracy of CRP on POD 3 for grade III POPF was evaluated by receiver-operating characteristic analysis (Figure 1 ). The CRP level on POD 3 had good diagnostic accuracy (AUC, 0.80; 95% confidence interval, 0.69-0.91; sensitivity, 74.0; specificity, 88.0), with a calculated optimal cut-off value of 17.0 mg/dL. When 17.0 mg/dL was used as a cut-off value for CRP, the positive predictive value and negative predictive value of POPF were 0.14 and 0.99, respectively.
Clinical course of POPF patients
A grade III or higher POPF was observed in nine patients. They were treated by antibiotics, and the drain was replaced or newly inserted. No patients needed reoperation, but two patients needed interventional radiology because of pseudoaneurysm. All patients were discharged to home. The average postoperative hospital stay was 48.6 ± 22.1 days for patients with POPF, which was longer than for patients without POPF (15.9 ± 12.2 days).
Discussion
POPF is a complication encountered at a relatively high frequency after gastrectomy. Sano et al. reported a 5.3% incidence of POPF after D2 lymph node dissection, which is currently a standard procedure in Japan (11) . The recent advances in less invasive treatment techniques and perioperative management have improved the postoperative mortality rate and incidence of postoperative complications after gastrectomy. However, POPF is a serious complication that may contribute to the development of a life-threatening condition; therefore, early detection and adequate treatment are extremely important. Because POPF sometimes becomes a life-threatening complication, close attention to the condition of the patient should be paid during perioperative period of LADG. We believe that three key factors should be remembered to avoid patient death due to POPF: (i) prediction of patients who are likely to develop POPF; (ii) careful handling of the pancreas during the operation; and (iii) early detection of and adequate treatment for POPF.
Several surgeons have reported that the risk factors for POPF are extended lymphadenectomy, splenectomy, pancreaticosplenectomy, high BMI, male sex, large visceral fat area, hyperlipidemia, and the presence of comorbidities (11, (23) (24) (25) (26) (27) (28) . However, the present study showed no statistically significant association between POPF and age, gender, or BMI. Furthermore, no significant difference was found between POPF and the operative procedure or lymph node dissection. We may have found no preoperative risk factors possibly because of the high rate of patients with early gastric cancer included in the current study and the low rate of POPF with a Clavien-Dindo classification higher than grade III.
The surgical procedure used is also quite important to prevent POPF. Retraction of the pancreas to obtain a clear view of suprapancreatic lesions and to perform precise lymph node dissection in this field is indispensable, regardless of whether open distal gastrectomy or LADG is performed. However, retraction of the pancreas has the potential to cause parenchymal injury that may result in pancreatic leakage. As a countermeasure against possible injury, assistants should retract the pancreas gently and carefully with gauze, while paying close attention to the tip of the forceps. Alternatively, ultrasonic cutting and coagulating devices can be (and are often) used to perform suprapancreatic lymph node dissection. Because the laparoscope provides a magnified view, the cutting lines for suprapancreatic lymphadenectomy tend to be closer to the cranial edge of the pancreas, which may cause heat injury. Operators performing peripancreatic lymphadenectomy should always be careful when handling ultrasonic cutting and coagulating devices to avoid causing heat injury to the pancreas, which some reports have indicated may happen (29, 30) .
Because such pancreatic leakage may sometimes subside spontaneously without proceeding to clinically apparent POPF or peripancreatic abscesses, surgeons often ignore the clinical significance of minor pancreatic leakage. However, it is vitally important to detect signs of pancreas-related complications in the early postoperative period and to perform adequate management because pancreatic leakage, to whatever extent, can have serious consequences including intra-abdominal bleeding and/or abscess formation. Therefore, we first focused on early detection of POPF in the current study. It is likely that the d-AMY level is useful in diagnosing pancreas-related complications as early as possible because the most probable source of pancreas-related complications is seepage of pancreatic juice from the surface of the pancreas (15) . In this regard, Sano et al. previously described how determining the d-AMY level might serve as a useful predictor of POPF (31). However, there was no significant difference in the d-AMY level between the patient groups with and without pancreas-related complications in the current study. Obama et al. also reported that although there was a statistically significant difference in the d-AMY level between the patient groups with and without pancreas-related complications, they did not find a very high predictive value of the d-AMY level alone for postoperative complications (15) . These facts including our result imply that the drained volume of fluid influenced the measured amylase concentration. For example, if the lymph nodes were radically dissected and lymphorrhea subsequently occurred, the amylase content of the drainage fluid would have been diluted, which could have concealed the pancreatic juice leakage.
Clinically apparent POPF or peripancreatic abscesses are clearly related to an increased white blood cell count, neutrophil count, and serum CRP level. Although there was no difference between these inflammatory markers and pancreas-related complications on POD 1, obvious differences were observed in the serum level of CRP on POD 3. In the clinical setting, it is necessary to have a cutoff value of CRP to diagnose POPF. Therefore, we applied receiver-operating characteristic analysis and found that 17.0 mg/dL was an optimal cut-off value for CRP on POD 3. When 17.0 mg/dL was used as a cut-off value for CRP on POD 3, the positive predictive value and negative predictive value of POPF were 0.14 and 0.99, respectively, indicating that POPF could be ruled out when the CRP level on POD 3 was <17.0 mg/dL.
It is believed that abdominal drains can help in the earlier detection and drainage of anastomotic fistula and in the prevention of intra-abdominal abscesses. However, there is no consensus about the routine placement of abdominal drains after gastrectomy, and some surgeons do not place a drain at all (32) . If an abdominal drain is not placed, d-AMY cannot be measured, which may make the diagnosis of POPF difficult. Therefore, an elevated CRP level on POD 3 can help physicians to predict POPF and to facilitate decision making regarding prompt clinical evaluation of and therapeutic approaches for POPF in patients who have undergone LADG.
